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[57] ABSTRACT 

The present invention includes a memory clock system for 
a graphics controller incljding a plurality of clock pulse 
generators, and a clock controller which selects the clock 
frequency based on the state of the graphics controller 
functional units. 

5 Claims, 2 Drawing Sheets 
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required for B rf) - JrJlIJ . is required in addition the frequency 
required for ^ dtlpiar Thus, the average frequency require- 
ment is 0.5 +0. 175 =0.675. or 68% of the typical engineered 
frequency. Operating the clock at this average frequency 
would result in a reduction of 32% in bandwidth, and in a 
proportional reduction in power consumption in the graphics 
controller. 

FIG. 1 shows a general system for implementing fre- 
quency reduction based on the activity level of the system. 

Each major functional unit, including GIFI 1. Accessories 
2 and CPU 3. provides a signal to a Clock Control 4 
indicating whether the respective functional unit is active or 
inactive, and Clock Control 4 selects an appropriate signal 
to Clock 5 based on the programming of Clock Control 4 
and the amount and type of activity. In a simple system. 
Clock Control 4 would be programmed so that, when there 
is no activity, the frequency would be the maximum engi- 
neered rale divided by two (enough for the display only), 
and when any activity occurs, the frequency would be the 
maximum engineered clock rate. Systems utilizing more 
complex clock control schemes could also be used. More 
than two clock control speeds could be selected based on the 
number of functional units active at a given time or based on 
which specific functional units are active. Continuous clock 
variation could also be used if warranted by the application. 

The activity of each functional unit may be indicated by 
the functional units not being idle, by FIFO depths in each 
functional unit, and by the position of the display beam for 
multi-media and popup accessories. 

Other data may be sent to Clock Control as a basis for 
clock frequency adjustment. In the analysis above. B^^y 
was considered to be constantly utilized at a 100% rate, but 
the display is not uniform in memory bandwidth 
requirements, and an improvement can be made mat allows 
the M clock to be reduced during the blanking intervals 
when the display is not fetching any data. This could reduce 
the power consumption another 5-10% depending on the 
graphics timing of the display. 

FIG. 2 shows a preferred embodiment of a clock control- 
ler. A typical graphics controller contains several functional 
units communicating with the memory controller. These 
typically have a request mechanism. The memory clock may 
be changed based on the number of pending requests. The 
CRT Request 10 represents a memory access request from 
the CRT display engine, the CPU Request 11 represents a 
request from the CPU or Bus interface, and the Blitter 
Request 12 represents a request from graphics acceleration 
logic such as BitBlt or line draw hardware. 

The >1 logic block 13 can be implemented by the fol- 
lowing truth table: 



CRT CPU Bit Fast 



0 .0 0 0 

0 0 1 0 

0(00 

0 I 1 I 
10 0 0 
10 11 

1 10 1 

1111 



Since the clock required when the CPU and/or Blitter are 
operating is normally twice the CRT only clock, the circuit 
shown in FIG. 3 could be used to implement the clock 
switching. Clock In 19 is the system clock engineered for the 
worst case scenario. Flip flop 20 outputs at line 21 a signal 
at half the clock frequency. OR gate 22 outputs cither a 
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constant high signal or the half frequency signal depending 
on whether the Fast Input 23 is enabled. AND gate 24 
outputs a signal that is either half the frequency of Clock In 
19 or the same frequency as Clock In 19 depending on the_ 

5 state of the Fast Input 23. Thus, when the fast mode is 
enabled, every clock pulse will be let through, when it is not. 
then every second clock pulse will be let through. This 
circuit should reduce the power consumption in the chip 
considerably. 1 — . 

]G A more complex clock control scheme may be designed 
using the bandwidth requirements of each function. For 
example, the following bandwidths may be required: 

Horizontal and vertical Display Enable (DE) - 85 Mb/sec 
when active 

15 GUI Engine (GUI)- 100 Mb/sec when active 
Video (VTD) - 28 Mb/sec when active. 
The appropriate clock frequency may be selected from 
among, for example. CLK =220 Mb/sec. CLK/2=U0 
Mb/sec and CLK/4=55 Mb/sec. based on the total bandwidth 
20 required as follows: 



CLK = CLK/2 = CLK/4 = 
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The clock select signals may then be generated by: 



CLK = DE GU1+ VTD GUI+DE VID 
35 CLK/2=DEGinVTf>HDn?JTJT VTD 
CLK/4=EE-GUI 

It will be apparent to one of ordinary skill in the art mat 
the following design could be modified to adjust to other 
requirements. Alternatively, adders could be used as shown 
40 in FIG. 4. 

Programmable rate inputs 41 are input to AND gates 42. 
along with enable signals from DE. GUI, and VTD. The 
outputs from the AND gates are routed through adders 43 
and through cycle point 44. if needed, to comparators 410, 

45 411 and 412. The other inputs to comparators 410, 411 and 
412 are the minimum rates for which the CLK, CLK/2. and 
CLK/4 signals are respectively required. 

AND gates 420 and 421 determine the proper clock select 
signals to clocks CLK. CLK/2 and CLK/4. Cycle points 430. 

so 431 and 432 are used if necessary. Alternatively, the control 
signals could be input to a Phase Locked Loop. In the 
example shown, (he clock rates used were CLK, CLK/2 and 
CLK/4. Alternatively, fully programmable clock rates could 
be used, 

55 In general, each functional unit has a state machine. These 
state machines can indicate when the unit is busy. This 
allows a speed up when internal processing is occurring, and 
not just when the memory controller is busy. Graphics chips 
are typically composed of a number of functions. These 

60 include Hardware cursors and popup menus that fetch data 
from system memory. These are active for a very short 
period each screen refresh. These units can also indicate 
when they are active, and increase the memory clock. 
If a large number of functional units are present in the 

65 chip, then a system with multiple clock speeds can be 
implemented. The other units typically do not add up to a 
multiple of the CRT bandwidth requirement. This would 
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require a second clock frequency source, or fast changing 
phase locked loop for efficient implementation. Some 
examples of other functions' bandwidth are: 





Bandwidth 


Function 


Mb/Sec 


Multi-media in 


4.61 


Multi-media out 


11.52 


Cursor sprite 


0.02 


Pop-up Menu 


0.31 


Total 


16.45 



If a design included multi-media in. then a system could be 
constructed so that a slow clock is used whenever the 
Multimedia input and CRT are the only components oper- 
ating. Such a system would switch to the fast mode only if 
the sum of the bandwidths exceeded the memory system 
capacity in the slow clock. The conditions for a fast or slow 
clock would be captured in logic, stored in a RAM. or 
implemented in a ROM. and then used to select the system 
operating speed. The conditions and logic implementation 
ensure that the bandwidths required meet the system require- 
ments. 

In summary, an apparatus and method for providing a 
variable memory clock in a graphics controller has been 
described. 

The foregoing description of the preferred embodiment of 
the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and many 
modifications and variations are possible in light of the 
above teaching. The preferred embodiment was chosen and 
described in order to best explain the principles of the 
invention and its practical applications to thereby enable 
others skilled in the art to best utilize the invention and 
various embodiments, and with various modifications as arc 
suited to the particular use contemplated. 

It is intended that the scope of the invention be defined 
only by the appended claims. 

What is claimed is: 

1. A memory clock system for a graphics controller 
having functional units which includes: a plurality of clock 
pulse generators, a clock controller including, 

input lines having a state, said state being determined by 

the activity of said functional units, 
clock control logic circuitry responsive to the state of said 
input lines. 
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an output signal line, said output signal line connected to 
each of said plurality of clock pulse generators wherein 
the clock control logic circuitry sends a signal on the 
output signal line, the signal indicating which of the 

5 clock pulse generators is to be active, whereby said 
clock controller causes said plurality of clock pulse 
generators to generate clock pulses at a predetermined 
frequency for use by the graphics controller based on 

10 the state of said functional units. 

2. The clock system of claim 1 wherein the state of the 
input lines is further determined by the bandwidth require- 
ments of the functional units. 

3. A memory clock system for a graphics controller as 
recited in claim 1 wherein the functional units include a 
graphics accelerator engine, a CPU. and accessory function. 

4. A memory clock system for a graphics controller as 
recited in claim 1 wherein the plurality of clock pulse 

20 generators includes a slow clock pulse generator and a fast 
clock pulse generator and wherein the clock control logic 
circuitry causes the slow clock pulse generator to generate 
clock pulses when at least one of the functional units is 
active and wherein the clock control logic circuitry causes 
the fast clock pulse generator to generate clock pulses when 
none of the functional units are active. 

5. A memory clock system for a graphics controller 
having functional units which includes: a variable dock 

30 pulse generator, a clock controller including. 

input lines having a state, said state being determined by 
the activity of said functional units. 

clock control logic circuitry responsive to the state of said 
35 input lines. 

an output signal line, said output signal line connected to 
the variable clock pulse generator, wherein the clock 
control logic circuitry sends a signal on the output 

40 signal line (he signal indicating a clock frequency to be 
generated by the variable clock pulse generator, 
whereby said clock controller causes said variable 
clock pulse generator to generate variable rate clock 
pulses for use by the graphics controller based on the 

45 state of said functional units. 

* * * * * 
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GRAPHICS CONTROLLER UTILIZING A 
VARIABLE FREQUENCY CLOCK 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a system and 
method for providing multiple clock rates for a graphics 
controller depending on what functions are being performed 
at a given time. 

Prior art graphics controllers use memory clocks which 
operate at only a single frequency, A preferred embodiment 
of the present invention recognizes the direct relationship 
between memory clock frequency and power consumption 
and uses a variable frequency memory clock to reduce 
power consumption. 

The power consumed by a chip is the current consumed 
by the chip multiplied by the voltage at which the chip 
operates, or: 

p=rv, 

20 

The current consumed by a chip is directly related to 
capacitance, voltage, and frequency as follows: 

i-CVF, 

The power consumed by the chip is therefore: 25 

p-CV^F, 

Thus, power consumption may be reduced by cither 
reducing the capacitance of the devices on the chip, the 30 
voltage on the chip, or the frequency at which the chip 
operates. The capacitance is related to the devices which are 
constructed on the chip. The number and type of devices 
required on the chip are determined by die functions which 
the chip must perform. In most cases, it is fixed by the 
required product function. The voltage on the chip may be 
varied, but product requirements usually fix it at approxi- 
mately 3.3 Volts to facilitate interface to other components. 
The frequency is determined by the required memory band- 
width. 

The goal in a flat panel graphics controller chip is to 40 
reduce the power consumption as much as possible. The 
capacitance and voltage of the chip are generally fixed by 
product requirements. Significant reduction in power 
consumption, however, could be accomplished if. a way to 
reduce the required memory bandwidth and therefore the 45 
frequency were provided. 

The required frequency of operation of a graphics chip is 
given by the following expression: 

Where: 



Kfe_ C austral to convert bandwidth to frequency. 

Determined by the architecture of the memory 
controller. 

B«*»uy Bandwidth required to display the screen data 
Bcrv Bandwidth required for CPU function* (Performance 
related) 

B OUI Bandwidth required for screeo manipulation by the 

graphics acceleration engine in addition to the CPU 

bandwidth. {Performance related) 
B„ Bandwidth lequired for accessory functions such as 

cursors, pop up windows, multi -media, DRAM refresh, 

and storage buffers for dual drive flat paneb 

displays. 

. 6J 

Prior art systems are engineered to provide enough band- 
width to handle the maximum possible total bandwidth 
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requirement. This is typically about twice the display band- 
width. Prior art systems are engineered for this worst case 
environment, and the clock rate is set accordingly. During 
periods when the bandwidth requirement of the system is 
5 reduced, the clock rate still remains set at the rate deter- 
mined by the maximum bandwidth requirement. Power 
consumption could be reduced if a lower clock rate than the 
clock rate engineered for the maximum bandwidth require- 
ment could be used when the bandwidth requirement is less 
than the maximum. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides a system and 
method of using multiple clock rates that are selected based 
on the functions being performed by the graphics chip at a 
given time. The clock rate selected provides adequate band- 
width for the functions provided without any loss in perfor- 
mance. Intermittent use of a lower clock rate results in lower 
overall power consumption by the graphics controller. 

Additional objects and advantages of the invention will be 
set forth in part in the description which follows, and will 
become apparent to those skilled in the art upon examination 
of the following, or may be learned by practice of the 
invention. The objects and advantages of the invention may 
be realized and obtained by means of the instrumentalities 
and combinations particularly pointed out in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, schematically 
illustrate a preferred embodiment of the invention and. 
together with the general description given above and the 
detailed description of the preferred embodiment given 
below, serve to explain the principles of the invention, 

FIG. I is a block diagram depicting a system for control- 
ling the clock frequency. 

FIG. 2 is a block diagram depicting a preferred embodi- 
ment of the clock control logic. 

FIG. 3 is a block diagram depicting a preferred embodi- 
ment of the circuit used to switch the clock frequency. 

FIG. 4 is a block diagram depicting a preferred embodi- 
ment of clock control logic. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference will now be made in detail to the preferred 
embodiment of the invention, which is a system and method 
for providing a variable frequency. clock for a graphics 
controller. An example of the preferred embodiment is 
illustrated in the accompanying drawings. While the inven- 
tion will be described in conjunction with that preferred 
embodiment, it will be understood that it is not intended to 
limit the invention to one preferred embodiment. On the 
contrary, it is intended to cover alternatives, modifications, 
and equivalents as may be included within the spirit and 
scope of the invention as defined by the appended claims. 

In a typical computer environment the screen is displayed 
at a 100% rate, the accessaries are used about 15% of the 
time, and the CPU and GUI functions are used about 10% 
of the time. This results in an average frequency of: 

Since the other factors are each about the same as B dljpt3/ . 
approximately 0.35 * 0.5 or 0.175 times the frequency 
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uipitioo i* desired. II 



should be noted tbil lie shift register c*n be utilized tor 
operations other than multiplication, and is therefore not 
necessarily powered down when the multiplier is utilized 
Additionally, in inch in example a shift register/adder s 
combiairioa mty be selected fir rnultiplksnon when i 
multiplier bis been previously powered down, lb tvoid 
invisg to deliy operation while the multiplier is powered cm, 
the ibifl register/adder » selected to perform «a equivalent 
operition- Dcvioes 99 and 99 may also each indude i w 
plurality of transistors, the transistor* being used by ooe or 
device* 5S and W hiving » higher threshold voltage than the 
transistors being used by the other device. The device hiving 
transistors with a higher threshold voltage may be selected 
during intervals in which reduced power diwiptrion for :j 
element 90 is desired. 

FlO. 9 is i block diagram of mother embodiment of the 
present invention. An element 100 includes device* 103 and 
105 is alternative and parallel dad paths. Control interface 

102 includes a control logic 104 (bat may include i register 20 
and a multiplexer. Control interface 102 further includes i 
local dock logic 106. Control logic 1D6 receive* selection 
signal 104 sod generates two control output signals, one 
connected to each of devices 103 and 10S. Local clock Logic 
10S receives main clock signal 107 as an input and adjusts 23 
tbe frequency of rutin dock signal 107 to generate an output 
of a local clock signal 109 to device 105, Device 109 uses 
main clock signil 107 is a clock input signal. Device 105 
uses local clock signal 109 is s clock input signal. Both 
device* 109 and 105 arc supplied by voltage sign*] V 1 , 30 
Generally, control interface 101 selects device 103 or 103 
within clement 100 by altering the output control signals of 
control Logic 106 in response to selection signal 104. As 
devices 103 and 103 use different clock input signals oper- 
ating on different clock frequencies, control interface 102 3i 
c»n adjust tbe amount of power dissipated by element 100. 

In operation, control logic 106 selects a pirticular device 

103 or 103 lo execute instructions or perform operations 

during a designated interval in response to selection signal . . -t -t 

104. Local dock logic 108 allows » lower frequency clock * second device each having differtn7fuiicto^compooentt, 



selecting tbe identified at least one element; and 
reducing the power supply voltage of the at least one 
element from i normal operating first voltage to I 
reduced power operating voltage less than the flrsi 
voltage. 

2. A method for selective iBoatioo of power to Elements 
of a circuit, cotnprbung: 

identifying at least one element of tbe circuit for reduced 

power dissipation; 
selecting the identified at least one element; and 
reducing the frequency of a clock signal input to' the at 
least one element from a normal operating first fee- v 
quency to s nonzero second frequency. 

3. A method for selective iQocttion of power to elements 
of a circuit, comprising: 

identifying at least one element of the circuit for reduced 
power dissipation comprising identifying at least one 
transistor; 

selecting the identified at least one element; and 
changing a threshold voltage of the identified transistor 

4. A method for selective ellocinoo of power to elements 
of a ciieuli, comprising. 

identifying a first device and a second device coupled in 
parallel, the second device dissipating less power than 
the first device; 
during normal power operition selecting the first device; 
and 

during reduced power operation selecting tbe second 
device. 

3. Tbe method of claim 4, wherein tbe first device and the 
second device each using a different power supply voltage, 
the power supply voltage used by the second device being 
less loan the power supply voltage used by the ftrst device. 

6. The method of claim 4, wherein the ftrst device and the 
second device each operating on a different clock frequency, 
tbe dock frequency used by tbe second device being lower 
than the clock frequency used by tbe Sin device. 

7. The method of claim 4, wherein the first device and the 



signal to be supplied to device 103 while device 103 retains 
the same frequency of dock input as main clock signil 107, 
Element 100 may therefore operate in a reduced power 
dissipation node by using the data path encompassed by 
device 103 rather thin device 103. 43 

Devices 103 and 103 are supplied with an identical 
voltage input V,. However, alternate voltage inputs could be 
provided far each device to offer an even greater differential 
in the power dissipited by devices 103 and I OS. Devices 103 M 
sod 103 can be identical or functionally equivalent devices 
or combinations of components as (tjnw* 1 above in ref- 
erence to devices 9t and 99 of FIG. 8. Thus, device 103 may 
nave greatly reduced power dissipation by being composed 
of components dissipating less power than time in device sf 
103, being supplied with a lower frequency clock input 
and/or being supplied with a lower voltage input. 

Although the present invention and its advantages have 
been described in detail, It should be understood till various 
changes, substitutions, and alterations can be made therein M 
without departing from the spirit and scope of the present 
invention as defined by the appended claims. 

What is claimed is: 

1. A method for selective allocation of power to elements 
of a circuit, comprising: 
identifying at least one element of the circuit for reduced 
power dissipation; 



tbe components in the second device dissipating less power 
than the components in the first device. 

8. The method of claim 4, wherein the first device and the 
second device each having a plurality of transistors, the 
transistors in tbe second device having a higher threshold 
voltage than the transistors in the first device. 

9. A method for selective iBocsa'on of power to elements 
of a circuit, comprising: 

identifying at least one element of the' circuit for reduced 

power dissipation; 
selecting the identified at least one clement; and 
altering at least one input to tbe lelected it least one 
element, the altered input reducing the power dissi- 
pated by the element 
wherein the selecting the it least one element step com- 
prises: 

sending a selection signal to a register associated with 

tbe identified at least one element; and 
holding tbe selection signal in the register until the 
register is reset, the selection signal causing the 
identified at least ooe dement to operate in t reduced 
power dissipation mode. 

10. A method tor selective allocation of power to c&nwnts 
Gs of a circuit, comprising; 

identifying at least one clement of the circuit for reduced 
power dissipation; 
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J57] ABSTRACT 

A microprocessor b provided which lnctndci i power con- 
trol register for controlling the rate of execution and there- 
fore Ibc power cociumption of individual Dinclional unit*. 
The power control register include* * plurality of fields 
corresponding to the function*] units for storing values that 
control toe power consampUon of each. The power control 
register fields cm be set by software which bis the much 
gretter ability to look out into the future to determine 
whether the functional unili will be required. The function! 1 
units in responsive to the corresponding power control 
register field to adjust their rate of eiectuioa responsive to 
the vthte (tored therein. The rue of execution can be 
controlled In a number of different ways: dividing down the 
clock; removing power to the fiinetionil unit; disabling the 
seo»r ind/or buffer driver of one or more of the porta in a 
multi-potted RAM; removing data from the ftioction*! unit; 
tad changing ibc dau bus width responsive to the control 
register Held, The microprocessor also include* i latency 
control register which auures (tut the functional tmil it If 
opentioml after the functioniJ unit is placed from a lowe&J 
power state to a more fully operational state by changing the" 
corresponding field in Ihe power control register. 
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j ABSTRACT: 

j A method of optimizing a computer program for reduced power consumption by a 
! processor (10) having functional units {1 1d, 11e) that are independently 
1 controllable by instructions. The processor's instruction set (FIG. 4) has 
instructions that may be directed to a particular functional unit (11 d, 1 1e> so 
as to place that functional unit in a power-down state while not being used 
during a program segment. 
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power consumption by t proceisar (10) hiving functionill 
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power-down ttitu while not being used during a program 1 
segment. 
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ABSTRACT: 

A microelectronic device according to the present invention is made up of 
two or more functional units, which are all disposed on a single chip, or die. 
The present invention works on the strategy that all of the functional units on 
the die are not, and do not need to be operational at a given time in the 
execution of a computer program that is controlling the microelectronic device. 
Thespresent invention on a very rapid basis (typically a half dock cycle}. 
I therefore, turns on and off the functional units of the microelectronic device 
i in accordance with the requirements of the program being executed. This power 
down can be.achieved by one of three techniques; turning off clock inputs to 
the functional units, interrupting the supply of power to the functional units, 
or deactivating input signals to the functional units. The operation of the 
( present invention results in a very significant reduction in power consumption 
j and corresponding heat dissipation by the microelectronic device as compared to 
| the conventional approach of keeping all functional units operational all of 
the time. 
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(57) ABSTRACT 

A microelectronic device according to the prcacDt invention J | 
is made up of two or more functional units, wbko arc all 1J 
disposed on a single chip, or die. The present invention j-,-' 
work* on the strategy that all of the fUoctioai] uniis on thejffl 
die are not, and do not need to be operational at a given time fT 
in the execution of i computer program that is controlling 
the micfotkctroriic device. The present invention on a very 
rapid basis (typically a half clock cycle), therefore, turns on 
and off the functional miii of the microelectronic device in 
accordance with the requirements of the program being 
executed. Toil power down can be achieved by one of three 
techniques; turning off clock inputs to the fncctimul units, 
interrupting the supply of power to the functional units, or 
deactivating input signals to the functional units. The open- . 
tion of the present invention results in a very significant! I 
reduction in power consumption and corresponding bextlj 
dissipation by the microelectronic device as compared to the 
conventional approach of keeping all fractional units opera- 
tional all of the time. 
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ABSTRACT: ;V .. . ' / : .' ; \ 

A selective low power clocking apparatus and method is used to reduce power 
consumption by an electronic system or integrated circuit that is coupled to an 
external system via a. system bus which is, configured to selectively transmit or 
receive signals from the electronic system or integrated circuit. The 
electronic system or integrated circuit includes a plurality of sub- circuits or , 
functional blocks. ' Each sub-circuit or functional block is configured to . 
operate up der control of a, clock signal arid further includes an apparatus for 
holding or rejecting the clock signal. Once each sub-circuit within the ! 
electronic system or integrated circuit rejects the clock signal, the clock 
signal to that sub-circuit is disabled. The arbiter circuit continuously 
monitors the system bus. Upon detecting that the external system needs to 
transmit or receive signals from the electronic system or integrated circuit, 
the arbiter re- enables the clock signal to the sub-circuits which are required 
for the.transmission : or reception: '.. : ' ■ 8 

28 Claims. 2 Drawing figures ' ' : - 
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DEPR: 

FIG. 4 illustrates the timing for power reduction of circuit elements of the 
device 12. The ATD & POWER 24 detects address transitions over the address 
portion 16 of the bus 14, and generates signals to selectively enable and 
disable circuit elements and latch data from the memory array 20. The timing 
of address signals received (ADDR)andthe data transmitted (DATA) is shown, 
along with the ATD.sub.- MP signal 61, the SALEN signal 35, the ATD. sub.- PWR 
signal 60, the DBEN signal 31 , and the SAEN signal 34, 
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ABSTRACT: 

In order to reduce power consumption in a dynamic random access memory 
(DRAM), block selection information RBDATA indicating whether or not individual 
blocks in a memory cell array require a refresh is stored at means for latching 
20-1 and 20-2. A circuit for operation prohibition 30 compares a portion RA8 
of a refresh address output by a refresh counter 6 with refresh block 
specification signals RB (0) and RB (1) output by the circuit for latching 20-1 
and 20-2, makes a decision as to whether or not the block indicated by the 
refresh address needs to be refreshed and prohibits an operation of an RAS 
system circuit 1 1 if it is decided that the block does not need to be 
refreshed. Thus, a self refresh is not performed for a block that does not 
need to be refreshed to achieve a reduction in power consumption. 



20 Claims, 20 Drawing figures 
Exemplary Claim Number 1 
Number of Orawing Sheets: 20 
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DOCUMENT-IDENTIFIER: US 5544101 A 

TITLE: Memory device having a latching multiplexer and a multiplexer block 
therefor 
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DEPR: ' 

The present invention teaches a memory device architecture having latches at 
the multiplexer block 14 reducing power consumption. Power consumption is 
reduced whether or not differential signals are implemented although the power 
savings is greater when differential signals are used in the multiplexer block 



14. The memory device architecture of the present invention is beneficial for 
all memories, but is especially beneficial for memories implemented using large 
cell arrays. 
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ABSTRACT 



A memory device (10) is providisd wMch indudei t memory 
amy (12), 1 multiplexer block [14) and 1 control block (16). 
The memory army (11) li operablo to provide a ptnraliry of 
memory my output* (28, . . . 2SJ retpootive to ■ memory 
addrett (MEMORY ADDRESS). Etch memory amy output 
(2S t , . . I8J icpreKCU a data fttte of & memory cell. The 
mnittpiinfr block (14) comprint tt leut one latch block 
(3Q,...30 p 32 t ...31,34,.34,,Hid36) arranged in at lean 
one mje. The muliipiexer block it coupled id the plurality 
of memory array output (28, . . . 28J. The multiplexer 
block (14) ii operable to provide a muMpletcr block output 
(38) repreientiag 1 diu atate of a deiired memory cell 
coRopandlni to the memory addrat (MEMORY 
ADDRESS) retporuive to 1 plurality of multiplexer control 
riiaiui (44,... 44J. Each latch block It operable to receive 
■ plurality of input lignalt, operable to retain a plurality of 
data ttata and operable to provide an oatpat tigniL A 
occtrol block (16) it coupled to the memory amy (12) and 
to the multiplexer block (14), The control block (16) It 
operable to determine from the memory addreu (MEMORY 
ADDRESS) whether the data ttate of the dctind memory 
cell ii retained by a Utcb block in the multiplexer block (14) 
and operable to generate the plurality of multiplexer control 
aignalt (44, . . . 44J. 
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(57) ABSTRACT 

An operation controller, in operation unit tod a memory ire 
provided. Tbe operation controller always receive* a doo- 
gited clock signal from a clock conlrcflct. When an opera-, 
tion initiating signal «nd a parameter ligna] iodic* Hugh 
resource* to be used in the operation unit are generated by 1 1 
a microcontroller, the operation controller asserts a request |r 
signal. In response to the request signal, respective gated 1 1 
dock tignalt are supplied from the clock controller to the I 
operation unit and to tbe memory. The operation controller J 
determines whether or not a status signal supplied from the | 
operation nrrit satisfies i pjBdctermiiiBd end condi t i on - If the | 
«iyn»l satisfies the end condition, the operalioD controller 1'. 
negates the request signal. As a result, the supply of the I 
clock signal* to the opendoc unit and to the memory is JJ 



stopped. 
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(57) ABSTRACT 

lo one arrangement of t video display appaianu according 
to the prevent invention, an audio power supply, which I 
separated from a constant voltige generator, ii directly! 
connected to a rtuia power supply ind cuppliu power to tut-, 
audio circuit, A microcontroller generates in audio power! I 
control aigmJ fa rcspo»c to key input data entered from aj» 
key input uniL An tudio power controller is provided to shut 
off the audio power supplied lo tbe audio circuit in rciponie 
to the audio power control signal from the microcontroller. 
In another arrangement, tbe audio power supply a con- 
nected to an tuxiliiry power supply for supplying power to 
tbe microcontroller. Thus, tne supplying, of tbe audio power, 
to the audio circuit can be controlled in depend tot of tbe 
video circuitry tod In accordance: with user** need. 
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